
Patent 
Office 



PRIORITY 
DOCUMENT 



0 19 JUL 




PCTEPOO / 050 99 



prvESTon m rcor l 



WIPO PCT 
ThePatiB(/ffll69 



367 



Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



EPO - DG 1 

2 2 06. 2000 . 




I, the undersigned, being an officer duly authorised in accordance with Section 74(f) and (4) 
of the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



In accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
in this certificate and any accompanying documents has re-registered under the Companies Act 
1980 with the same name as that with which it was registered immediately before re- 
registration save for the substitution as, or inclusion as, the last part of the name of the words 
"public limited company" or their equivalents in Welsh, references to the name of the company 
in this certificate and any accompanying documents shall be treated as references to the name 
with which it is so re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p. I.e., 
pic, P.L.C. or PLC. 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjects the company to certain additional company law rules. 



Signed V-A 
Dated 3| rCOy oLOOO 



An Executive Agency of the Department of Trade and industry 



Patents Form 1/77 

^Patents Act/ 7 
(Rule 16) 




Request for grant of a 

(See the notes on tbe back of this form, 
an explanatory leaflet from the Patent Of 
you fUl in this form) 



Office 



ait 



i can a> 
cetobei 



23^9^71452-1 3M!}82 J. 

?0 1/7700 0,00 - ^-?S50/t- 

The Patent Office 

Cardiff Road 
Newport 
Gwent NP9 1RH 



1 . Your reference 



ROBERTS INVENTION 1 



2. Patent appJ»f"ati<~» n mimH**r 
(Tbe Patent C 



9919850.9 



2 0 AUG 1999 



3. Full name, address and postcode of the or of 

each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



LUCENT TECHNOLOGIES INC 
600 Mountain Avenue 
Murray Hill, 
New Jersey 07974-0636 
United States of America 

Delaware U.S. A 




4. Title of the invention 



COMBINED LOCATION AREAS FOR GSM/UMTS 



5. Name of your agent (if you bave one) 


D.J. Williams 




"Address for service" in the United Kingdom 


Lucent Technologies UK Limited 


to which all correspondence should be sent 


5 Mornington Road 




(including tbe postcode) 


Woodford Green 






Essex IG8 OTU 




• 


England 




Patents ADP number (if you know it) 




\ 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country Priority application number Date of filing 

(if you know it) (day / month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day / month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 

this request? (Answer 'Yes' if: 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body. 
See note (d)) 



YES 



Patents Form 1/77 



Patents Form 1/77 

9. Enter the number of sheets ^Bmy of the X v ■ 



following items you are filing with this form. 
Do not count copies of the same document 




Continuation sheets of this form 
Description 

Claims; 
Abstract 

Drawings 



11 
i 



5 -K5 




10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 
Translations of priority documents 
Statement of inventorship and right 

to grant Of a patent (Patents Form 7/77) 



Request for preliminary examination 
and search (Patents Form 9/77) 



Request for substantive examination 

(Patents Form JO/77) 



Any other documents 




(please specify) 




11. 


I/We requestjlie grant of a patent on the basis of this application. 
Sign^^uy/ Date 

20.8.99 


12. Name and daytime telephone number of 
person to contact in the United Kingdom 


f^J. WILLIAMS 0181-504 2824 ^ 



Warning 

After an application for a patent has been filed, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been filed at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked 



Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write u see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you have answered 'Yes' Patents Form 7/77 will need to be filed. 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 



Patent* Fcwro 1 /77 



COMBI 




OCATION AREAS FOR G 




MTS 



Field of the Invention 



The present invention relates to an improved network architecture for an 
arrangement in which mobile terminals may have at least two functional 
modes of operation in which the functional modes are provided by at least 
two core networks having different functionality. The invention is 



into a 2G network architecture. 
Background to the Invention 

GSM (Global System for Mobile Communications) radio coverage, which 
may also be referred to as second generation (2G) radio coverage, is quite 
extensive today. During the introduction of UMTS (Universal System for 
Mobile Telecommunications), which may also be referred to as third 
generation (3G) radio coverage, UMTS radio coverage is expected to be 
limited to urban areas. Thus UMTS radio coverage will cover only parts 
of the more extensive GSM radio coverage areas. Even within UMTS 
coverage areas, the UMTS radio coverage cannot be expected to be 
contiguous. For example, given that the frequency used for UMTS is 
higher than that for GSM, the in-building penetration will not be as good 
as GSM. This will result in small pockets (such as inside buildings) 
without UMTS coverage within the overall UMTS coverage area. Thus, 
only GSM radio coverage will be available in these pockets. 

A dual mode GSM and UMTS mobile terminal (a mobile terminal is 
referred to as user equipment (UE) in UMTS) can communicate using 
either one of the two radio access systems. If a dual mode mobile terminal 
communicating via the UMTS radio link goes out of UMTS coverage, to an 
area with only GSM coverage, it can expect to continue the communication 
via the GSM radio link, but with a consequential degradation of service. 
Similarly a dual mode mobile terminal in an area with only GSM radio 
coverage which moves into an area with UMTS coverage can expect to 
switch to the UMTS radio link to improve service. 



particularly but not exclusively related to the introduction of 3G services 



Thus as a duaftde mobile terminal moves wMk within radio access 
: areas, changes in the type of radio access can be expected as the available 
radio access systems change. As the mobile terminal moves between radio 
access areas routing area updates occur to notify the necessary support 
network of the new position of the mobile in the routing area associated 
with the particular radio access type. Changing between two radio access 
systems involves additional signalling and can also lead to outages during 
the transition between the two systems. The impact of the additional 
signalling and outages depends on the network architecture and the 
protocols chosen. 

In addition, if a mobile terminal operating in the 3G mode of operation 

moves out of 3G coverage, then there is a consequential degradation in 

service when communication with the 2G core network is established. 

It is an object of the present invention to provide an improved network 

architecture suitable for the introduction of UMTS in an existing GSM 

infrastruicture . 

Summary of the Invention 

According to the present invention there may be provided a packet 
switched network architecture having a first location-area supported by a 
first radio access network connected to a core network of a first 
functionality and a second location area supported by a second radio 
access network connected to a core network of a second functionality, 
wherein at least a part of the first and second location areas overlap 
thereby defining a common location area, and the terminals in the first 
and second location areas may have either one or both of a first and a 
second mode of operation corresponding to the first and second 
functionalities respectively, wherein mobile terminals in the first location 
area having the second mode of operation may be connected by the first 
radio access network to a core network having the second functionality. 
The mobile terminals in the second location area having the first mode of 
operation may be connected by the second radio access network to a core 
network having the first functionality. 



work may be additionally as^^pted with a core 
network having the second functionality, the first radio access network 
switches packet transmissions from terminals in the location area to one 
of either the first or second core networks. 

The core network having the second functionality associated with the first 
radio access network may be the one connected to the second radio access 
network. 

The invention will now be described by way of example with reference to 
the accompanying drawings, in which: 
Brief Description of the Drawings 

Figure 1 illustrates the patchy nature of UMTS radio coverage in a GSM 
coverage area; 

Figure 2 illustrates a network architecture for the proposed introduction 
of 3G services in an existing 2G environment; 

Figure 3 illustrates a modified network architecture for the proposed 

introduction of 3G services in an existing 2G environment; 

Figures 4(a) and 4(b) illustrate location area identifiers for distinguishing 

between core networks servicing common location areas; and 

Figure 5 illustrates a network architecture in which parallel core network 

resources of the same functionality are used to support a single location 

area. 

Description of Preferred Embodiment 

The present invention will be described hereinafter by way of reference to 
the particular non-limiting example of the deployment of a 3 rd Generation 
(3G) mobile system alongside a 2 nd Generation (2G) mobile system. In the 
particular example the 2G system is a GSM/GPRS system, and the 3G 
system is a UMTS system. The invention, however, is not limited to such a 
specific environment. 

Figure 1 illustrates the coverage expected to be provided by UMTS in a 
GSM radio access area. The shaded areas represent areas with only GSM 
coverage. The non-shaded areas represent areas with both GSM and 
UMTS coverage. Thus the whole of the area 2 is provided with GSM 



-overage. The sfl^ler area 4 within the area 2 is Intended to be provided 
with UMTS coverage in addition to GSM coverage. However pockets, 
designated by reference numeral 6, exist within the UMTS coverage area 
4, such that only GSM coverage is provided in the pockets 6. 
The current proposed, network architecture for supporting the radio 
coverage as illustrated in Figure 1 is as shown in Figure 2. The GSM radio 
access area and the UMTS radio access area are considered as 
independent systems having distinct location areas, each served by a 
different serving GPRS support node (SGSN) and a different mobile 
switching centre (MSC). The SGSNs provide the support node for the 
respective radio systems to support packet switched communications. 
Referring to Figure 2, the GSM radio access area is defined by a first 
location area 200 designated LAI, and the UMTS radio access area is 
defined by a second location area 202 designated LA2. The second location 
area in fact coincides with the first location area, as shown in Figure 1. 
The first location area LAI is associated with a GSM/GPRS BSS 204, 
providing a radio access network for the GSM/GPRS radio access system. 
The BSS 204 is connected to a 2G core network 214 via an A interface 206 
and a Gb interface 208. The second location area LA2 is associated with a 
UTRAN 210, providing a radio access network for the UMTS radio access 
system. The UTRAN 210 is connected to a 3G core network 212 via an Iu 
interface 216 and an interface 218. 

The 2G core network includes a 2G MSC 220, an integral 2G visitor 
location register (VLR) 222, and a 2G SGSN 224. The 2G MSC is 
connected to the BSS 204 via the A interface 206. The 2G SGSN is 
connected to the BSS 204 via the Gb interface 208. The MSC 220 is 
connected to its integral 2G VLR via a Map B interface 234. 
The 3G core network includes a 3G MSC 226, an integral 3G VLR 228, 
and a 3G SGSN 230. The 3G MSC 226 is connected to the UTRAN 210 via 
the Iu interface 216. The 3G SGSN 230 is connected to the UTRAN 210 
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via the interface 218.fgp 3G MSC 226 is connected to ^^ltegral 3G VLR 

228 via a Map B interface 232. 

Each of the 2G and 3G core networks 214 and 212 will of course contain 
other functional blocks. However, these are not shown in Figure 2 as they 
are not relevant to an implementation of the present invention and will be 
familiar to one skilled in the art. 

As is clear from Figure 1, the location area LA2 is in fact part of the same 
geographical area as the location area LAI — if a mobile terminal is in 
location area LA2 it is also in location area LAI. However, from a network 
architecture viewpoint the location area 2 is treated as a distinct area 
from that of the location area 1. 

As a mobile moves around within the location area LA2, it will move in 
and out of 3G coverage, as indicated by the pockets in Figure 1. In the 
network architecture of Figure 2, whenever a mobile terminal moves in 
and out of 3G coverage in the area LA2 a routing area update must take 
place, and when 3G coverage is lost a dual mode mobile terminal must 
continue in 2G mode, with a consequential degradation in service. 

One disadvantage with this is that the 2G MSC is implemented using 64 
kbit/s technology, whereas the 3G MSC supports much higher bit rates. 
When a mobile terminal having 3G functionality has to switch from the 
3G radio access network to the 2G radio access network then there is a 
consequential degradation in service. It is of course impractical to upgrade 
the 2G core network infrastructure to replace existing MSCs with higher 
specification versions. 

Therefore it is necessary to provide the new MSC and integral VLR in the 
3G core network to support the 3G functionality of mobile terminals. 

In summary, the network architecture of Figure 2 does not allow the radio 
access network to be used to its full capacity to support mobile terminals 
having 3G functionality. 

A proposed new network architecture to provide an improved utilisation of 
the advanced ability of 3G mobile terminals using the existing 2G 



r infrastructure ^^illustrated in Figure 3. In figure 3 like reference 
numerals are used to identify elements corresponding to those shown in 
Figure 2. 

In the network architecture of Figure 3, the two distinct location areas of 
5 Figure 2 are 'overlayed' to form a common location area. Referring to 
Figure 3, the common location area is labelled as LA3 and designated by 
reference numeral 300. The location area LA2 corresponding to the 3G 
coverage area is also still distinctly defined. The common location area 
LA3 is comprised of 2G cells, but the network architecture allows mobile 
10 terminals in those cells having 3G functionality to connect to a core 
network having 3G functionality, as will be discussed further hereinbelow. 

The location area LA 2 is comprised of 3G cells as in Figure 2, and enables 
the mobile terminals in the location area LA2 having 3G functionality to 
connect to the 3G core network 212 via the UTRAN 210 radio access 
15 network as before. 

The 2G BSS 204 of Figure 2 is modified for the implementation of Figure 
3, and thus the 2G BSS in Figure 3 is designated by reference numeral 
302. The 2G BSS 302 is provided with an additional A interface labelled A' 
and designated by reference numeral 306, which connects the 2G BSS 302 
20 to the 3G MSC in the 3G core network. The 2G BSS 302 is also provided 
with an additional Gb interface labelled Gb' and designated by reference 
numeral 304, which connects the 2G BSS 302 to the 3G SGSN in the 3G 
core network. 

In accordance with the new network architecture of Figure 3, the BSS 302 
25 directs packet transmissions from mobiles in the combined location area 
LA3 300 to either the 2G core network or the 3G core network. Similarly, 
in the other direction the BSS 302 directs packet transmissions from the 
2G or 3G core network to mobile terminals in the combined location area 
LA3. 

30 In accordance with the implementation of the network architecture shown 
in Figure 3, the radio access network comprising the BSS 302 switches 



'.' from the combined location area to oneWeither the 
«- racket transmissions from the 
^ ' ■ 2 C core network or the SO core network ^ ^ ^ 

transmissions from mobue termrnaU to a ^ ^ ^ 

, networks in dependence on a numher c _ ^ ^ rf mobUe 

emissions may be switched in depe rf ^ mobile 

ttrmiM a from which the packet ^ * ^ ^ the mobile 
from which the packet originated, the 

termi nal is connected in the location area LAS. ^ ^ 
10 Mtho.htheradioaccessn—h^s^^ 

preferred implementation of the P lementa tions may be 

Lplementln, the combined location * ^ ^ ^ ^ M 

possible. For example, the standard MS j^aUty, and 

w ith the 2G core network bein g ^ and 3G functionality 
some control mechanisms^ se^t -wee ^ ^ ^ 

r^r r : — • - - — 3 since 11 ^ 

*-v,o 2G core network, 
modifications to tne ^ location areas 

The technical feature which enables the ^ _ 

^ and LA2 to be implemented is the pro ^ ^ ^ 

.twork Cthe B- - -—^^a^networ, 
location areas to both the 2t, ^ ^ 

In addition, the network architecture of Fr^ ^ ^ ^ 
network architectures in which bove th e 3G location area 

, That is, in the 2G/3G scenario ^ 2G loca tion area is 

fits completely into the 2G location ^ ^ ^ fuUy 
blgg er than the 3G location area. That ■ ^ ^ 

location areas may extend 
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{" Xn addition, the principle of 'overlsvi.w 

OIOVerla J™g location areas may extend to more 

than two location areas, and may extend to more than two core networks 
For example, in the future the radio access network provided by the BSS 
may have the added capability of switching to a 4* Generation (4G) 
5 core network. v } 

In ^tion t he provision of tbja ^ ^ 

use of BSS as (he radio access mk ^ ^ 

other radzo access networks such as the UTRAN 210. The UTRAN 210 
may be provided with a switching functionality in addition to the BSS 302 

vZT* t0 3 4 ° °~ n6tW0rk ^ additi ° n t0 ^ 3 ° ™ ~. The 
UTRAN may even provide a switching functionality to switch between the 
3G core network 212 and the 2G core network 214. 

Although in the network architecture of Figure 3 the BSS 302 switches 
between the 2G core network 214 an H tu a 

Z14 and the 3G c °re network 212 provided 
o ior location area LA2 a sevamta i 

a separate 3G core network may be provided for this 

purpose. 

The principle of using the radio access network to switch packet 
transmissions from the location area LAS to one of two different core 
networks may also be more generally applicable. In the introduction of 3G 
mobUe terminals are likely to have dual functionality, i.e. the ability to 
operate as a 2G terminal instead of a 3G terminal when 3G radio service 
ts not available. By the use of a switchable radio access network, mobile 
terminals having a 3G functionality which are in 2G location areas may be 
swttched to a 3G core network. Thus the mobile termianls having 3G 
functionality may utilise some 3G functionality even though they are 
connected in a 2G location area. 

Thus the principle of a radio access network which can switch packet 
transmtssions to core networks of differing functionality does not depend 
on the overlaying of multiple location areas, and applies more generally in 
single location areas to mobile terminals having more than one mode of 
operation. 
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Referring again to Figur~, it can be seen that the locatioWrea LA3 300 
encompassing the location areas LAI and LA2 can be considered as a 
single geographical area by the overlaying of the two location areas. Thus, 
a single location area identifier may be used to identify the common 
location area LAS. However, if a common location area identifier were 
used then the mobile terminals in the common location area 300 would not 
be able to distinguish between the one of the core networks in whtch 
communication is established. 

In accordance with a further modification, the location area identifier for 
the common location are 300 is provided with a core network identifier 
field to distinguish between the 2G and 3G core networks. 
Referring to Figures 4(a) and 4(b), there is Ulustrated an implementation 
of the location area identifiers transmitted by the 2G and 3G core 
networks respectively. Preferably the location area identifier is a 16 btt 
sequence. In accordance with this improvement, the core network 
identifier field to distinguish between the 2G and 3G core network ts the 
first bit of the 16 bit location area identifier. The first bit of the sequence 
is set to either 0 or 1 to indicate 2G or 3G. That is, the core network tn 
which the location area identifier originates sets this bit. The remaxnmg 
15 bits of the location identifier, containing the location -a identifier 
(LAI) value will be identical. Thus the core network identifier filed of the 
location area identifier is a pointer to a core network. 

Referring to Figure 4(a), the location area identifier 402 generated by the 
2G core network has a first bit 404 which is set to 0, and the location area 
identity LAI 406. Referring to Figure 4(b), the location area tdentifier 
generated by the 3G core network comprises a first bit which is set to 1, 
and the location area identifier value LAI 410. 

Mobile terminals in the location LA3 may have 2G or 30 functionality. 
The mobile terminals having 3G functionality can disregard the bit 0 in 
the first bit position. As these mobiles preferably have dual mode 
functionality, then all broadcast messages fiom the radio access network 
having the appropriate location a,ea identifier are received by these 



■ terminals as t] 
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;l^eceive all broadcast messages^ether from the 2G or 
3G core network. The mobiles having only 2G functionality read the first 
bit of the location area identifier and only read the broadcast messages 
having the bit set to indicate that they originated in the 2G core network. 
Of course, if any 3G terminals in the common location area do not have 2G 
functionality then they will need to read the first bit of the location area 
identifier to ensure that the bit is set to indicate that the broadcast 
message originated in the 3G core network. 

Although in this preferable example the location area identifier is a 16 bit 
sequence and the core network identifier field is 1 bit, this may vary 
according to the implementation. The location area identifier may be any 
number of bits, and the core network identifier field any number of bits. In 
an alternative, the core network identifier may be determined by the 
location area identifier value being within a certain range. 
15 Of course, in the event that more than two core networks are accessible 
from the location area, an appropriate range of values must be provided by 
the core network identifier. 

The use of the core network identifier is also advantageous in the 
arrangement described hereinabove where a single location area is 
!0 accessible by several core networks of different functionality. 

A further useful implementation of the radio access network having a 
switching functionality, as described hereinabove with reference to the 
preferable implementation of Figure 3, is described hereinbelow with 
reference to Figure 5. In Figure 5 like reference numerals are used to 
5 identify elements corresponding to elements shown in Figure 2. 

Referring to Figure 5, the 2G network architecture of Figure 2 is modified 
to introduce a second 2G core network 514. The radio access network 
represented by BSS 302 in Figure 2 is replaced in the network 
architecture of Figure 5 by a radio access network comprising a BSS 500 
having a switching functionality similar to that of the BSS 302 as will be 
described further hereinafter. 
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,.<"The second 2G core 



ork 514 includes a 2G MSC 



# 



an integral 2G 



VLR 522, and a 2G SGSN 524. The 2G MSC 520 is connected to the BSS 
500 via a second A interface 506 labelled A\ The 2G SGSN 524 is 
connected to the BSS 500 via a second Gb interface 508 labelled Gb\ The 
MSC 520 is connected to its integral 2G VLR 522 via a Map B interface 
534. 

In this implementation, the switching capability of the BSS 500 is utilised 
to spread the load amongst the two 2G core networks 214 and 514. This 
may be particularly advantageous where the BSS 500 has a greater 
Erlang capacity than the single core network. By duplicating the core 
network the BSS 500 can work nearer its capacity. 

The technique described above for including a core network identifier field 
in the location area identifier for distinguishing between 2G and 3G 
functionality in the network architecture of Figure 3 may be used in the 
network architecture of Figure 5 to distinguish between the respective 2G 
core networks. Thus a mobile terminal in the location area LAI can use 
the first bit of the location area identifier to distinguish between the two 
core networks 214 and 514, and read the broadcast messages associated 
with the core network with which it is registered. 

More generically, when a mobile terminal registers its presence in the 
location area LAI by a random access request to the core network via the 
BSS 500, the BSS 500 will forward the request to one of the two core 
networks 214 and 514. 

In acknowledging the random access request the appropriate core network 
will provide the mobile terminal with an identifier to be used in all future 
packet transmissions. This identifier is then included in all packet 
transmissions by the mobile terminal, and used by the BSS 500 to direct 
the packet transmission to the appropriate core network. 

The network architecture of Figure 5 may be combined with the network 
architecture of Figure 3, such that each of the 2G and 3G core networks 
may be provided with parallel duplicate networks for spreading the load. 
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' Claims 



1. A packet switched network architecture having a first location area 
supported by a first radio access network connected to a core network 
of a first functionality and a second location area supported by a second 
radio access network connected to a core network of a second 
functionality, wherein at least a part of the first and second location 
areas overlap thereby defining a common location area, and the 
terminals in the first and second location areas may have either one or 
both of a first and a second mode of operation corresponding to the first 
and second functionalities respectively, wherein mobile terminals in 
the first location area having the second mode of operation may be 
connected by the first radio access network to a core network having 
the second functionality. 

2. The packet switched network of claim 1 wherein mobile terminals in 
the second location area having the first mode of operation may be 
connected by the second radio access network to a core network having 
the first functionality. 

3. The packet switched network of claim 1, wherein the first radio access 
network is additionally associated with a core network having the 
second functionality, the first radio access network switches packet 
transmissions from terminals in the location area to one of either the 
first or second core networks. 

4. The packet switched network of claim 3, wherein the core network 
having the second functionality associated with the first radio access 
network is the one connected to the second radio access network. 
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